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A metamaterial structure consisting of a one-dimensional metal/air-gap subwavelength grating is investigated for 
optical antireflection coating on germanium substrate in the infrared regime. For incident light polarized 
perpendicularly to the grating lines, the metamaterial exhibits effective dielectric property and Fabry-Perot like 
plasmon-coupled optical resonance results in complete elimination of reflection and enhancement of transmission. 
It is found that the subwavelength grating metamaterial antireflection structure does not require a deep 
subwavelength grating period, which is advantageous for device fabrication. Maximal transmittance of 93.4% with 
complete elimination of reflection is seen in the mid-wave infrared range. 
OCIS codes: (160.3918) Metamaterials; (310.1210) Antireflection coatings; (310.6628) Subwavelength structures, 
nanostructures. 
 
1. INTRODUCTION 
Metamaterials are artificial materials consisting of 
subwavelength metal-dielectric structures. Because the feature 
size of a metamaterial is smaller than the wavelength of interest, 
a metamaterial can be treated as a spatially-averaged 
homogeneous material with effective electromagnetic properties 
determined by the structure and compositions of the unit cell [1, 
2]. Metamaterials can be engineered to exhibit electromagnetic 
properties which cannot be found in nature. Various 
metamaterial properties, such as negative refractive index [3], 
high refractive index [4], and optical magnetism [5] have been 
reported for controlling electromagnetic waves. One kind of 
metamaterials which exhibit highly anisotropic electromagnetic 
properties, have been extensively investigated recently [6-14]. 
This type of metamaterials is called “hyperbolic materials.” A 
hyperbolic metamaterial has dielectric-like properties in one 
direction and metallic properties in orthogonal directions, or vice 
versa.  
In this paper, we investigate a hyperbolic metamaterial 
structure for optical antireflection coating on germanium 
substrate surface in the mid-wave infrared regime. The 
hyperbolic metamaterial consists of a one-dimensional (1D) 
metal/air-gap subwavelength grating. The metal/air-gap 
subwavelength grating exhibits dielectric material properties for 
polarization perpendicular to the grating lines. By changing the 
fill factor and the period of the grating, the effective dielectric 
constant can be designed. Optical wave interference in the 
dielectric-like metamaterial can reduce optical reflection and 
enhance optical transmission, similar to traditional quarter-wave 
dielectric layer anti-reflection coatings. In a traditional quarter-
wave antireflection coating, index of refraction of the dielectric 
layer is required to match the square root of the product of the 
refractive indices of the substrate material and the incident 
region. The quarter-wave dielectric anti-reflection coating forms a 
single mode Fabry-Perot optical cavity. At the resonant 
wavelength, reflection can be completely suppressed and 
transmission can be enhanced. For IR anti-reflection 
applications, choice of dielectric materials is limited because not 
all dielectric materials are transparent in the infrared regime. In 
addition, dielectric materials with matched refractive indices for 
quarter-wave anti-reflection coatings do not always exist in 
nature. Recently, a strategy of using metamaterial surfaces for 
anti-reflection has been reported to overcome the index matching 
requirement in the terahertz and infra-red ranges [15-17]. The 
structured metal thin films provide designer optical reflection 
coefficients which can cause destructive interference in the 
reflection region. In this letter, we investigate an alternative 
approach for achieving anti-reflection by engineering the effective 
dielectric constant of a hyperbolic metamaterial to reduce the 
reflection. In contrast to the 2D antireflection coating structure, 
the antireflection coating structure in this paper is a 1D structure 
which consists of only one metamaterial layer between air and 
the substrate. Furthermore, feature size of the 1D structure is 
not in the deep-subwavelength regime, which is advantageous for 
fabrication. 
 
2. SUBWAVELENGTH METAL GRATING 
METAMATERIAL FOR ANTIREFLECTION  
The anti-reflective metamaterial is made of a 1-D subwavelength 
gold metal grating on a germanium substrate. The schematic of 
the metamaterial structure is shown in Fig. 1. The metal grating 
has a subwavelength period of ߉, a metal grating line-width of w, 
and a height of h. The fill factor of the metal grating lines is 
defined as f = w/߉. Therefore, the width of metal grating lines can 
be written as ܽ = ߉f and the width of the air-gaps can be written 
as   ܾ = ߉(1 − ݂). 
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3. SUMMARY 
In this paper, a metamaterial structure consisting a 1-D 
subwavelength metal/air-gap grating was investigated for 
antireflection coating for germanium substrate. The 1D structure 
metamaterial functions as an effective dielectric in the 
polarization direction perpendicular to the metal grating lines 
with designer electric permittivity. The plasmon-coupled optical 
wave resonance in the metamaterial structure results in 
complete elimination of the reflection and enhancement of 
transmission. It is found that it is not necessary for the grating 
period to be deeply smaller than the wavelength for achieving 
antireflection. The thickness of the subwavelength grating 
metamaterial antireflection coating is approximately a quarter of 
the free space wavelength. The anti-reflection performance is 
sensitive to increase of the angle of incidence. Sensitivity to the 
angle of incidence can be advantageous for imaging systems 
where unwanted stray light needs to be rejected. 
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